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Abstract 

A series of observations of the polarization of radia- 

tion from Jupiter has been made at frequenciess of 16, 18, 

22 and 26 Mc/s. 

and a detailed account has been prepared. In general, for 

the period of the observations, almost all of the radiation 

at 22 and 26 Mc/s was right-handed polarized (R.H.) whereas 

at 16 and 18 Mc/s an appreciable proportion cf bursts were 

L.H. In particular, events observed when 3OO< 360 
(I.A.U. revised System 111) were found to contain, respective- 

ly, 41% and 30”/0 L.H. bursts at 16 and 18 T”~c/s. 

of the results with the predictions of the Doppler-shifted 

cyclotron theory of Ellis and PicCulloch (1) is now in progress. 

Some 3,800 noise bvrsts have been analyzed 

b 

,*’ 

A comparison 

A series of spaced-site observations from three sites 

A new exper- has been completed and analysis is in progress. 

iment to investigate the Dossibility of terrestrial ionos- 

pheric modification of: the radiation is to be conducted from 

existing funds this year. 

A number of high-speed recordings of 18 Mc/s events 

have been made at the request of the University of Florida 

group and these have been sent to Gainesville f o r  comparison 

with similar records taken at that site. 

€lans are being prepared for a new, higher-sensitivity 

improved discrimination, polarimeter system to be submitted 

for evaluation by BASA in due course. A muaR 
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1. Folarization 

In  the investigstion cf polzriza-tion of d-ec7metre-wave 

radiation from Jupiter a series of observations were made 

covering the period, July 13, through December 5, 1963, and 
a first analysis of the dtlta :as been complcted. This was 

reported at a recent meeting of  the Lunerican Geophysical 

Union (Boulder, Colorcdo, December 28, 1963). A detailed 

account entitled "Polarization Observations of Ju :iter at 

Decametre-davelengths" (Barrow (2)) is enclosed with this 

report. Some 3,800 noise bursts from Jupiter, at frequencies 

of 16, 18, 22 and 26 Mc/s, have been studied in detail. 

Axial ratios have been computed for each burst, assum- 

ing complete polarization, and an analysis, similar to that 

made for 10.1 Mc/s observations by Dowden ( 3 ) ,  is in progress, 

so that the results may be compared with the Doppler-shifted 

cyclotron theory of i5llis and PicCulloch (1). This is illus- 

trated in Figures 1-4. The two lower frequencies are of 

greatest interest as it is at 16 and 18 Mc/s that appreciable 

proportions of L.H. polarized bursts have been observed. 

Also, there are more bursts available for analysis (See Refer- 

ence 2, Table 2) at these frequencies. 

com7mtations have been made for the sake of completeness 

but they dc not contribute anyti:ing very conclusive to the 

discussion and are not included in the diagrams. 

The 22 and 26 Kc/s 
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I n  Figure 1 the d i s t r ibu t ions  of a x i a l  r a t i o s  a r e  compared 

w i t h  the  observations of Dowden ( 3 ) .  The 18 Tpic/s r e s u l t s ,  

i n  p a r t i c u l a r ,  a r e  i n  very good agreement , r i t h  the  d is t r ibu-  

t i o n  predicted by the E l l i s  and PIcCulloch theory (shown i n  

Figure 2 )  and the  16 Mc/s r e s u l t s  ZIce reconci lable  i f  we 

accept Dowden's sugzestion t h a t  the  loi,Ver a x i a l  r a t i o s  a r e  

produce? by superim->osed bursts  of higher axial r a t i o  but 

opposite sense. It i s  the shape o f  the d i s t r i b u t i o n  which 

i s  s ign i f i can t .  The p o s i t i o n  on the  a x i a l  r z t i o  s ca l e  de- 

pends upon the  assumed model o f  Jug i t e r  r a t h e r  than on the  

theory. 

In  Figure 3 the  smoothed occurrence r a t e s  of L.H. and 

R.H. bursts a re  compared. 

v a r i a t i o n s  of bu r s t  occurrence i s  shown. 

r e s u l t s  t h i s  l a t t e r  may a l s o  be regarded as an indica t ion  of 

the  d i s t r i b u t i o n  of t o t a l  power r sd i a t ed ,  

In  Figure 4 the  smoothed longitude 

According t o  Dowden's 

The E l l i s  and PlcCulloch theory (1)  seeks t o  exylain the  

experimentally observed longitude p r o f i l e s  of occurrence 

p robab i l i t y  and power d is t r ibu t iono .  

magnetic f i e l d  anomaly, expressed a s  a d ip  anomaly, r e a d i l y  

produces the  d i f f e r i n g  p r o f i l e s  observed a t  5 and 10 NC/S 

compared t o  those found a t  h gher frequencies.  

grams ?resented here (Figures 5 and 6) a s  1.rell as  the  burs t  

d i s t r i b u t i o n  (Figure 4) a r e ,  by d e f i n i t i o n ,  cons is ten t  w i t h  

k s u i t z b l e  cLoice of 

So the  h i s to -  
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t h e  theory. The a x i a l  x t i o  d i s t r i '  u t ions  shown i n  Figure 1, 

p a r t i c u l z r l y  a t  18 ?"lc/s, a re  i n  good arreement with bhe pre- 

d i c t i o n s  of t he  theory and are therefore  the  most  s i g n i f i c a n t  

e x p r i n e n t z l  evidence in  i t s  fzvor. 

I n  view of the already establ ished r e s u l t s  explained 

by t h e  theory 2s l.Tell a s  the  -0lzrimeter dy ta ,  it i s  f e l t  

t h a t  t h i s  theory o f f e r s  the m o s t  s r t i s f s c t o r y  e q l a n a t i o n  

of the o r ig in  and escspe o f  the d e c m e t r i c  r ad ia t ion  t o  date. 

It i s  perhaps s ign i f i can t  t h a t ,  unlike most  t heo r i e s  t h a t  

have been proposed, the Doppler-shifted cyclotron theory 

seeks t o  explain the r - d i a t i o n  i n  terms of c h a r c c t e r i s t i c s  

which ?re 7mown t o  occur on a d i f f e r e n t  s ca l e  within the 

atmosphere of the  Earth. It w i l l  be i n t e r e s t i n g  t o  see i f  

t he  s a t e l l i t e s  proposed f o r  studying V L F  emission from the  

Earth f i n d  evidence of a n y  longitude p r o f i l e  of rad ia ted  

power due t o  the  Ear th ' s  ma@eti%e f i e l d .  

When the  study of po lzr iza t ion  a t  d i f f e r e n t  frequencies 

was o r i g i n a l l y  proposed it was hoped t h a t  a simple mapeto- 

i o n i c  i n t e r p r e t a t i o n  of the data ,  in t he  ma-mer out l ined i n  

Reference 2,  Section V I ,  would lead t o  values of Jovian 

ionospheric parameters. However, it was t a c i t l y  assumed 

by the  wr i t e r  (41, and by o t h e r s  (5) that ,  i n  the absence 

of other  information the rad ia t ion  w a s  generated i n  both 

magneto-ionic modes., 



Subsequen+r work, and in particular the association of 

Jupiter activity with solar activity, now makes this seem 

less likely. The theory of Ellis and IJlcCulloch (1) is, 

therefore, preferred to the simple magnetic-ionic interpre- 

tation. 

2. Spaced-site Experiments. 

In the spaced-site experimei:t, observations of Jupiter 

were made at 18 and 22 Mc/s f rom July to December, 1963 at 

Floridac.State University Radio Observatory in Tallahassee, the 

out-station at the Hyde Radici Observatory, St;, Osyth, England 

and by collaborators at Rhodes University in South Africa. 

A l l  of the data obtained has now arrived zt Florida State 

University, and analysis is in nrogress. Correlation coeffi- 

cients between Jupiter activity and various indications of 

s o l a r  activity are bing computed f o r  a first examination of 

the data. The combined observations at 18 Mc/s are shown in 

Figure 5. It is interesting to note th2t progressively lower 

occurrence probabilities have been observed at the three sites 

from south to north respectively. Xhile there are differ- 

ences in the identification rrocedure adopted by the group 

in South Africa as well as differences in the local noise 

level at each site, these are hard12 enoush to produce the 

pronounced effest observed. It is suggested that terres- 

trial ionospheric modification of the radiation is responsible 
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and an experiment to operate from existing grant and supple- 

ment funds, has been plaraed to investigate this during the 

1964 apparition of Jupiter. It is worth noting that simple 

magneto-ionic absorption may be insufficient to account f o r  

all of this effect, even at lower incidence angles, as the 

observing frequency of 18 Mc/s is considerably higher than 

the critical frequency during the ezrly morning hours at 

sunspot minimum when all the observ2tions Tl'ere made. 

High speed recordings of Jupiter noise storms were 

taken at Tallahassee using the 18 Mc/s corner-reflector, 

and these ere to be compared with similar Qbservations made 

by the University of Florida group 150 miles away. Some 

twenty suitable records have been sent to T."ir, C a r l  Olsson 

at the University of Florida at whose request the observa- 

tions were made. 

3 .  

clusive results as observations have been hampered by noisy 

conditions due to local police broadcasts outside the allotted 

The search for radiation at 42 Mc/s has produced incon- 

frequency band. 

4, Future Plans. 

The observations of polarization made during 1963 

have indicated very clearly what the approach for the 
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f u t u r e  should be. Uore da t a  a t  frequencies below 18 Hc/s 

i s  needed and an urgent requireaent i s  t h a t  the data should 

be handled automatically r a the r  than semi-manually as has  

been done t o  date.  It appears f r o m  the vork  of ,;tone, 

Alexander and Lriclrson ( 6 ) *  t h a t  a higher s e n s i t i v i t y  system 

w i l l  achieve the  necessary increz.se i n  t h e  amount of data  

and may a l s o  lead  t o  i n t e r e s t i n g  f e a t u r e s  i n  the corres- 

ponding longitude n r o f i l e .  A t  26.3 l?c/s it appears t h a t  

t h e  histogram peaks a re  broadened while t h e  w e l l  defined 

zero p e r s i s t s .  It i s  f e l t  th t  f u t u r e  e f f o r t  should be 

d i r ec t ed  towards two antenna systems, operat ing a t  18 P k / s  

and sclme lower frequency, each cons is t ing  of two l a r g e  

arrays of crossed dipoles.  Some form o f  computer-fed digital 

output i s  highly des i rzb le  both f o r  consistency and f o r  

ease of handling the  l a rge  amount o f  data  t h a t  should appear 

with the g rea t e r  s e n s i t i v i t y ,  By the  use of two separated 

a r r ays  it shovld be possible  t o  reduce unce r t a in t i e s  due t o  

the t e r r e s t r i a l  ionosphere by imposing the  condition t h a t  

a bu r s t  must show similar form and po la r i za t ion  t o  be re- 

garded as a proper ind ica to r  of  condi t ions a t  Jup i t e r .  

would a l s o  be des i rab le  t o  a t tenqt  t o  obtain a complete 

It 

* I a m  most gra te fu l  t o  D r .  R. G ,  Stone f o r  permission t o  
r e f e r  t o  h i s  work p r i o r  t o  publication. 
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specificntiorl  o f  the 2olar iza t ion  by neasurement o f  a l l  four  

of  the Btokes parsmeters ( see, for example, Cohen ( 7 ) )  al-  

though Paraday r o t a t i o n  i n  the E a r t h ' s  ionosphere imposes 

considerable uncertei@ty on t h i s  ixccedure a t  low fr5quen- 

c i e s ,  A design i s  5eing preparedby the Fr inc ipa l  Inves t i -  

gator  and w i l l  be submit3ed f o r  evzluation by NASA i n  due 

course. 

The c o s s i b i l i t y  of ter ,-estri?l ionosnheric godifica- 

t i o n  of the r3dia t ion  i s  t o  be studied f u r t h e r  during 1964 

by a new experiment a t  18 l"Ic/s. Arrangements have been made 

t o  s e t  up a north-south l i n e  of  separated antennas a t  the  

following loca t ions  : 4 

University of Ibadan, Nigeria,  dest Africa 

University of Valencia, Spain 

P. S. U. out-s ta t ion,  a t  the  Hyd-e Radio Observatory, 
England 

University of Bergen, Norway. 

Mosley Elec t ronics ,  I n c , ,  are sup9iying Yagi antenna systems 

w i t h  s teer ing  mechanisms and self-supporting towers. 

t o t a l  cos t  of the experiment including equipment, operating 

personnel and associated t r z v e l  w i l l  be about $l3,OOO. 

i s  t o  be met from e x i s t i n g  grant and supplement funds. 

The 

This 

Simultaneous observa t ims  w i l l  be made from each s i t e  

during the  1964 a7par i t ion  s o  thpt any systematic modifi- 

ca t ion  o f  the  r ed ia t lon  Observed t0.cqarc.s nor ther ly  t e r r e s -  

t r i a l  l a t i t u d e s  w i l l  bccone 'apparent 
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